This series presents research findings based either directly on data from the German SocioEconomic Panel study (SOEP) or using SOEP data as part of an internationally comparable data set (e.g. CNEF, ECHP, LIS, LWS, CHER/PACO). SOEP is a truly multidisciplinary household panel study covering a wide range of social and behavioral sciences: economics, sociology, psychology, survey methodology, econometrics and applied statistics, educational science, political science, public health, behavioral genetics, demography, geography, and sport science.
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Introduction
It is an open question what the main drivers of household decisions to adopt renewable energy technologies are. Are their investment decisions for solar energy systems driven mainly by household characteristics, personality and attitudes, or expected returns on the investment, including public subsidies? A satisfactory answer to this question is of major interest for policymakers attempting to boost the expansion of renewable technologies in the household sector. Finding a satisfactory answer is an empirical task, which has led to a rich literature (see Heiskanen and Matschoss (2017) for a recent overview). This literature focuses on the role of sociodemographic and housing characteristics (e.g., Mills and Schleich, 2009) , environmental concern (e.g., Welsch and Kühling, 2009), or personality traits (e.g., Busic-Sontic and Fuerst, 2017) . Surprisingly few studies consider the role of expected returns on the investment, i.e. the difference between the expected costs of the investment and the revenue it generates, including public subsidies designed to stimulate such investments (Agarwal et al., 2015; Braito et al., 2017) .
To the best of our knowledge, there has been no attempt to integrate all the potential drivers referred to above into one econometric setting systematically exploring the relevance of each of the factors conditioning on the remaining ones. By revealing concealed complementary or substitutive relationships between drivers, however, an approach of this kind would lead to a better understanding of the determinants of household investment decisions. Understanding these conditional relationships is again particularly important for policymakers seeking to encourage renewable technology investments in the household sector in order to foster the contribution of the residential sector to climate protection. The contribution of this paper is to provide such an integrated framework.
Using a large and representative panel survey of households in Germany, we simultaneously assess the importance of all the aforementioned factors for the adoption of renewable energy systems.
Specifically, we consider actual household decisions to invest in both photovoltaic (PV) systems for power generation and solar thermal (ST) systems for the provision of warm water and space heating.
Extending the survey to include the economic factors "system costs" and "revenue" enables us to distinguish the statistically relevant factors from the irrelevant ones.
The remainder of this paper is structured as follows: Section 2 provides a brief overview of the literature. Section 3 is a description of our data. Section 4 presents our empirical strategy and the results, while Section 5 discusses the latter and concludes.
Literature review
The determinants of household investment in building-scale renewable energy systems have drawn considerable interest from researchers during the last two decades. However, the existing studies vary widely in terms of the technologies considered, the research designs applied and determinants taken into account. Balcombe et al. (2013) , Heiskanen and Matschoss (2017) , and Kastner and Stern (2015) provide general reviews of the literature. Given these comprehensive reviews, here we focus on two aspects particularly relevant for our study. First, we review previous attempts to integrate economic factors into empirical estimations of household investment decisions for renewables. Second, we review studies considering household investment in solar energy systems in Germany.
While several studies consider decision-makers' self-reported financial motives for solar energy system adoption (most recently, see e.g. Michelsen and Madlener, 2016; Palm, 2018) , few include investment costs or revenues as such in their empirical adoption models (exceptions are Agrawal et al., 2015; Braito et al., 2017; Rai and Robinson, 2015; Robinson and Rai, 2015; Wasi and Carson, 2013) . However, these studies provide evidence that costs and monetary benefits are the decisive drivers of adoption. Agarwal et al. (2015) base their analysis on a large dataset containing information on the sociodemographic characteristics, location and energy use of households in Southern California.
Adding information on PV system costs and local solar irradiation, they calculate the net present value of PV adoption and then employ variance tests to assess the strength of the correlation of PV adoption with sociodemographic characteristics and attainable monetary benefits. They find adoption to be most strongly correlated with monetary benefits, followed by income, education and type of employment of the household members. Rai and Robinson (2015) develop an empirical agent-based model of residential PV adoption using a comprehensive dataset on households occupying single-family houses in the city of Austin, Texas, between 2004 and 2013. Agents' behaviour in the model is driven by demographic, attitudinal, social network, environmental, and economic variables. The latter incorporate the payback period for the PV investment, which is depends on system costs, utility rebates, tax credits, electricity prices and annual electricity generation by the system. Rai and Robinson (2015) focus on the development, validation and illustrative application of the model. In a related study , the authors investigate which features of the model are most important for accurately describing the adoption process. They show that while the model's economic module performs well in predicting the temporal path of PV diffusion, the inclusion of attitudinal and social factors improves the predictions with regard to spatial and demographic adoption patterns.
Comparing the effect of different national financial support schemes on household PV investments, Braito et al. (2017) survey adopters and non-adopters of PV systems in one Italian and one Austrian region. Comparing the sociodemographic characteristics and the declared motivations of PV adopters, they find the higher financial support provided in the Italian region to crowd-in younger and less welleducated adopters as well as adopters with economic motives and anthropocentric attitudes to nature.
Wasi and Carson (2017) investigate household decisions to switch to more environment-friendly water heaters before and after the introduction of a rebate programme for hot-water systems in New South
Wales. They find that the probability of households choosing a renewable system, i.e. an ST system or a heat pump, increased significantly after the introduction of the programme. Moreover, the impact of the rebate policy differs with household income, education, access to the gas grid, hot water usage, expectations regarding future electricity prices and depending on whether or not households have had to replace the water heater due to a sudden breakdown affecting the system in place before.
The existing studies on household investment in solar energy systems in Germany have examined a broad range of potential determinants but have not incorporated the expected returns on the investment. In the following, we briefly review this literature, focusing on studies using householdlevel data to identify factors influencing the adoption of solar energy systems. 1 All these studies include a varying set of sociodemographic and housing characteristics (including among others household income, age of the household head, or dwelling type; e.g., Mills and Schleich, 2009; Michelsen and Madlener, 2012) . Some also take account of environmental concern (e.g. Welsch and Kühling, 2009) or personality traits (Busic-Sontic and Brick, 2018; Busic-Sontic and Fuerst, 2017) . Mills and Schleich (2009) were among the first to investigate the adoption of ST systems by households in Germany. Using survey data and drawing upon a large set of explanatory variables (sociodemographic and dwelling characteristics, appliances, energy consumption, solar radiation), they obtain mixed results and establish the statistical insignificance of most sociodemographic variables. Michelsen and Madlener (2012 consider decision-makers' motives for adopting a heating system run on renewable energy. They investigate the motivation (Michelsen and Madlener, 2013) for the (non-)adoption of a specific system and the parameters affecting the decision (Michelsen 1 By focussing on studies assessing actual adoption behaviour, we omit those based on stated preferences. Most recent examples include Alyousef et al. (2016) for PV systems and Kastner and Matthies (2016) for ST systems. We also exclude studies using qualitative and descriptive methods concentrating predominantly on the decisionmakers' motivations (Karakaya et al. 2015; Kotilainen et al. 2017; Sonnberger 2015) or lifestyle (Gröger et al. 2011). and Madlener, 2012 and . The authors concede that the information value of the results is limited by the circumstance that their dataset consists of households that had invested in a renewable heating system and had actively applied for a government grant (Michelsen and Madlener, 2013: 225 Estimating duration models, Busic-Sontic and Fuerst (2017) find no effect of personality traits on the adoption decision, while all the control variables except for risk preferences yield statistically significant effects. The investment probability increases with environmental concern, income, the number of children and solar irradiance. It is higher among male and well-educated decision-makers, whereas it decreases with age, the number of dwellings in the respective building and year. Employing a multiple mediator bootstrapping model, Busic-Sontic and Brick (2018) show that personality traits affect the investment probability not directly but indirectly through environmental concern yet not through risk preferences.
We build on the existing literature by taking into account the factors examined therein, namely environmental concern and personality traits as well as sociodemographic and housing characteristics, and add to it by integrating all these factors, costs and attainable revenue into one econometric framework.
Data
Our empirical analysis draws upon the German Socio-Economic Panel (SOEP), a representative annual household survey for Germany. We use the period 2007-2015. 2 This panel provides us with information on household investment decisions for PV and ST systems as well as sociodemographic and housing characteristics, environmental concern and personality traits. We enrich the data with auxiliary information on technology-specific costs and attainable revenues. Overall, we have five sets of variables:
· a (multinominal) choice variable, referring to whether a household has adopted a solar energy system (either PV or ST or a combination of both) or whether the household had not invested;
· two economic factors connected with the solar energy system, i.e. the (potential) installation costs and the expected revenue;
· variables pertaining to environmental concern and personality traits;
· sociodemographic variables and variables related to housing conditions;
· some further control variables.
The following subsections go into more detail on these sets of variables.
Technology choice
Starting in 2007, SOEP households are asked whether their dwelling is equipped with a solar energy system. In 2015, this question was supplemented with an inquiry into the specific system type: a PV system and/or an ST system. Due to the panel structure of the data, i.e. the repeated observation of the same households, we can deduce the information on the type of solar energy system -PV, ST, or a combination of both technologies -prior to 2015 for households that did not move. Our (dependent) technology choice variable is thus a discrete variable with four categories. Again by using the panel structure, we can identify the year in which the household installed the solar energy system (if any) by comparing the household information from the subsequent with the preceding year.
Economic factors
The technology-specific cost of installing a solar energy system and the respective attainable revenue may influence a household's investment decision, so we include them as economic factors in our analysis. We obtain annual data on PV and ST system costs from Altenhöfer-Pflaum and Horbelt (2017) and the Baukosteninformationszentrum Deutscher Architektenkammern (BKI, 2008 (BKI, -2015 and convert these figures to cost per square meter of surface installed (see Appendix A for details). Figure 1 shows the progression of PV and ST system costs in the years 2008 to 2015. Over that period, the costs for PV systems decreased appreciably, whereas there was a slight overall increase in the costs for ST systems. 3 Note that in Germany, households investing in an ST system can apply for a subsidy administered by the German government. The subsidy scheme is highly differentiated in terms of system type and size and the systems have to fulfil certain technical requirements in order to qualify (see e.g. Bundesministerium für Wirtschaft und Energie, 2015). Since we rely on average system prices, it is not possible to account for subsidization. Our cost estimates are presumably somewhat upwardly biased. 4 According to Germany's National Meteorological Service, the Deutscher Wetterdienst (DWD), mean annual global radiation in Germany amounts to 1054 kWh/year, while maximum and minimum global radiation amounts to 1261 kWh/year and 951 kWh/year, respectively. See the DWD homepage for further details. The decline in revenue attainable with a PV system is due to the adaption of the feed-in tariff to declining system costs. The small fluctuations in the revenue attainable with an ST system are due to changes in gas prices (see Appendix A for more details on the calculation).
Source: Own presentation. See Table A1 for relevant data sources.
Figure 2. Trends in attainable annual revenue

Environmental concern and personality traits
The use of solar technology is a form of environment-friendly behaviour and thus may be triggered by strong pro-environmental preferences. The SOEP surveys concern for environmental protection. 5 To derive a stable measure of environmental concern, unaffected by recent news of environmental problems, we average the responses of the household head 6 over the last two years.
An individual's personality may be another factor determining the decision whether or not to invest in solar technology. A person who is aware of environmental problems may be even more likely to behave in an environment-friendly way if that person has a general sense of responsibility. A fearful person, 5 The three-digit scale ranges from "not concerned at all" and "somewhat concerned" to "very concerned". 6 In the SOEP, the household head is the person who knows best about matters concerning the household and hence answers the household questionnaire (Haisken-DeNew and Frick, 2005) . In some households, different persons identify as head of the household in different years. To ensure consistency, we define the person who most frequently assumes this role during the years considered in our analysis as the sole head of the respective household. We capture personality traits by the "Big 5" (see, e.g. Costa and McCrae, 1992; McCrae and Costa, 2008 ), a personality model well-known in psychology. The five dimensions of personality are openness, conscientiousness, extraversion, agreeableness and neuroticism (see Costa and McCrae, 1992; McCrae and Costa, 2008) .
Openness measures the extent to which individuals are artistic, imaginative, original, curious and have diverse interests. Individuals scoring highly on conscientiousness exhibit a pronounced impulse control and act in a goal-and task-oriented way. They tend to proceed in an organized and efficient manner and to be reliable, responsible and thorough. Extraversion implies an active and energetic approach towards the world and encompasses facets like sociability, assertiveness and enthusiasm. Individuals with high scores in agreeableness are pro-social and communally-minded and tend to be altruistic, trusting, forgiving and modest. Neuroticism is defined as negative emotionality, i.e. individuals scoring highly in this dimension tend to feel anxious, nervous, sad and tense (John et al., 2008; McCrae and John, 1992) .
Standard inventories for the assessment of the Big Five like the 240-item Revised Personality Inventory (NEO-PI-R, Costa and McCrae, 1992) or even the shorter 44-item Big Five Inventory (BFI, John et al., 1991) are too time-consuming for respondents to answer as part of a broad, multi-topic survey like SOEP. Therefore, an inventory consisting of 15 to 16 items (BFI-S) was developed and used in SOEP waves (Gerlitz and Schupp, 2005 . 7 We primarily use the data from 2009 and replenish missing information on household heads' personality traits with data from 2013.
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Each trait dimension consists of a number of items. To calculate the respondents' scores in the respective dimensions of personality, we divide the sum of all values of the corresponding items by the number of items in the dimension. Table 1 shows summary statistics for environmental concern and personality traits. All personality traits are measured with three items on a 1 ("does not describe me at all") to 7 ("describes me perfectly") scale; the exception is openness, which is measured with four items on the 1 to 7 scale.
Sociodemographic and housing characteristics
Regarding the sociodemographic characteristics, we draw information on the households' equivalent annual net income as well as the household composition (number of adults and children) from the SOEP. At the individual level, we control for gender, age and education of the heads of households.
With respect to housing conditions, we take account of the type of dwelling (house/apartment) and whether the household lives in a rural area. a Equivalent income is household income divided by the number of household members weighted according to the modified OECD scale, which assigns a weight of one to the first adult household member, a weight of 0.5 to each additional adult and a weight of 0.3 to each child in the household (OECD, 2013). b The SOEP uses a condensed version of the spatial categorisation provided by the Federal Institute for Research on Building, Urban Affairs and Spatial Development (BBSR). The BBSR categorisation is based on the share of the population of a county (Landkreis) living in towns with more than 20,000 inhabitants, the population density without consideration of these towns and the overall population density (Milbert, 2015) .
Further control variables
We use the information on the dwelling's construction year provided in the SOEP to create a dummy variable that indicates whether the household is legally obliged to use renewable energies to cover part(s) of the building's heat demand. 9 Furthermore, the year of the interview serves as time trend. 
Construction of the working sample
For our analyses, we do not consider all SOEP households but construct a working sample appropriate for our purposes. First, we restrict our attention to households owning their accommodation, because only owners can decide whether or not to invest in a renewable facility at their own discretion. Second, we omit households living in high-rise buildings, since it is highly unlikely that they will be able to install a renewable facility on their own account. Third, we exclude households providing inconclusive information, for instance households that have moved to dwellings already equipped with solar energy systems, i.e. where the investment decision was taken by another household. Fourth, along the same lines we also exclude all observations from 2007, the first year when solar installations were surveyed, because installations existing in 2007 lack information about the specific time of investment (and hence about costs and revenue, see Section 3.2). Finally, since solar energy systems are durable goods with a life span of twenty years or more (Wesselak et al. 2017), we exclude households once they have invested (in the post-investment phase). The operative assumption here is that the system installed will not be renewed within the investigation period. households in an ST system and 31 households in a combination of both. Table 4 displays the size of the working sample and the households' decisions per year. 4 Econometric analysis
Estimation approach
At any point in time a household ℎ faces = 1, … 4 different choice alternatives: not to invest at all ("No solar"); to invest in a PV but not in an ST system ("PV"); to invest in an ST but not in a PV system ("ST"); or to invest in both a PV and an ST system ("Both"). Households that have invested neither in a PV nor in a ST system until period face all four alternatives again in + 1. However, if a household has decided to invest in either or both of the solar systems until period , we assume it will make no further investments of this kind in future. Accordingly, we remove such households from the data set for all periods after (see Section 3.6).
We rely on the random utility framework to capture the household's choice among the four alternatives. Let be the utility that case (household ℎ in time ) derives from alternative . The household will choose the alternative providing the greatest utility. The utility comprises of an observed (deterministic) part and an unobserved (random) part of utility :
We assume that the utility of a given choice alternative is affected by the expected costs and revenue of the investment (including public subsidization), environmental concern and personality traits of the head of the household, sociodemographic and housing characteristics, and the further control variables, i.e. the mandatory use of renewable energy and a time trend. We specify the deterministic utility as
where a j is the alternative-specific constant and denotes the case-specific variables (sociodemographic and housing characteristics, environmental concern and personal traits, and the further control variables) that vary over cases but are constant across the four alternatives.
The term contains the variables that vary over cases and alternatives , for instance the investment costs and the expected revenue associated with a PV system for a household in a specific year. To compare the effect sizes of the variables, we standardize every explanatory variable by subtracting the respective mean and dividing by the respective standard deviation.
We assume that the unobserved (random) part of utility follows an extreme-value distribution such that the choice probability of case for alternative is of logit form (Train, 2009):
Since a specific household ℎ may appear repeatedly in our data set (as long as it has decided not to invest in a solar system), the random part of utility might exhibit a correlation structure between several cases . To take this correlation into account, we apply the clustered version of the HuberWhite sandwich estimator of the variance.
In order to test the explanatory power of the potential drivers of the household's decision to adopt renewable energy technologies -economic factors, environmental concern and personality traits, or sociodemographic and housing characteristics -we estimate three different specifications of equation (2). The first specification (Model 1) is the most comprehensive one, i.e. it includes all three sets of explanatory variables. To explore the explanatory power of the respective groups of variables, we compare Model 1 to more parsimonious specifications. In Model 2, we exclude the set of variables related to environmental concern and personality traits. In Model 3, we additionally exclude the set of sociodemographic and housing variables. All three models contain the dummy for mandatory use of renewable energy and the time trend. Table 5 shows the results of our three regression models. In all three models, "No solar" constitutes the reference category used to normalize the location of the deterministic utility. The respective coefficients measure the average effect on the deterministic utility, the cluster-robust standard errors are put in parentheses. Furthermore, Table 5 reports the number of cases, the log-pseudolikelihood, Akaike's information criterion (AIC) and Schwarz's Bayesian information criterion (BIC) for the respective models.
Regression results
Since the variables are standardized, the magnitude of the effect is comparable between variables.
The results of Model 1 reveal that the economic factors, i.e. costs and revenue, have the largest coefficients among the variables and thus exert the biggest effect on the investment decision. In line with our expectations, the probability that alternative is chosen increases with its revenue and decreases with its costs.
By contrast, the set of preference and trait variables have almost no effect on the choice probabilities.
Environmental concern has a weakly significant positive effect on the probability of opting for a PV system, while conscientiousness has a weakly significant negative effect on the same.
Considering the sociodemographic and housing characteristics, we find mixed results. While the household heads' sociodemographic characteristics affect the choice probability for PV systems, i.e.
households with younger heads are more prone to purchase a PV system and households with female or better-educated heads are less prone to do so, they have hardly any effect on the choice of ST systems. Equivalent income affects the choice probability of both solar technologies positively, the effect being much larger for PV systems. 10 Moreover, the probability of investing in an ST system increases with the number of adults in the household, while the probability of investing in a PV system increases with the number of children. Living in a rural area has a positive effect on the choice probability for PV systems, while living in a house as opposed to an apartment has a positive effect on the choice probability for PV as well as for ST systems.
As for the remaining control variables, we find that households living in a new building and being obliged by law to use renewable energies to cover part(s) of the buildings' heat demand are more likely to invest in any of the systems, the effect being most pronounced in the ST case. Lastly, the probability of investing in a combination of both systems is negatively affected by the year of the interview. This matches the distribution of installations over the survey years displayed in Table 1 . In this context, note also that the results for the combination of both systems may be generally impaired by the small number of households choosing this alternative.
Turning to the comparison of the models' explanatory power, the value of the likelihood function is largest for the most comprehensive model 1 and this model thus exhibits the best fit to the data. But does switching from Model 1 to the more parsimonious Models 2 and 3 result in a substantial loss of explanatory power? We guide our decision by the two information criteria AIC and BIC. The smaller values of AIC and BIC in Models 2 and 3 reveal that the exclusion of environmental concern and personal traits yields no severe loss in terms of explanatory power. Model 2 performs best in terms of the AIC that weighs model fit against a parsimonious specification, while Model 3 performs best in terms of the BIC, which does the same but penalizes model complexity more strictly.
Table 5 also shows that despite the exclusion of (sets of) variables the effect of the remaining variables on the deterministic utility (and hence the choice probabilities) persists, with only slight changes in the size of the coefficients. This parameter stability gives us an indication that our (sets of) explanatory variables are rather uncorrelated. We further conduct Wald tests to test for the equality of the costs (revenue) coefficients across models and cannot reject the null hypothesis of the costs (revenue) coefficients being equal. 
Discussion and conclusion
The present paper simultaneously assesses the importance of sociodemographic and housing characteristics, environmental concern, personality traits and expected returns on household investments in PV and ST systems using a large-scale representative household survey for Germany.
All in all, our results show that while sociodemographic and housing characteristics, in particular equivalent income and dwelling type, explain part of the investment decision, it is mainly the costs and revenues associated with investments that matter. The coefficients of the standardized costs and revenues are much larger than all the other coefficients. It seems that sociodemographic and housing characteristics only 'fine-tune' the choice probabilities, while environmental concern and personality traits are insignificant. Accordingly, analyses of adoption choices from renewable energy systems that restrict themselves to preferences and personality traits (plus sociodemographic variables) provide only limited insights because they take no account of what is by far the most relevant information. For the validity of previous research that has relied on more parsimonious data sets or models not containing these 'soft factors', our results provide no indications that the estimates suffer substantially from unobserved variable bias.
From a policy perspective, our results suggest that 'soft factors' like reported pro-environmental preferences or certain manifestations of personality traits like e.g. altruistic/agreeable personalities cannot serve as a substitute for actual (publicly provided) monetary incentives. For policymakers, our results might nevertheless be welcome as we find households to act rather rational in the sense of investors weighing up the costs and benefits of their decisions. Since it is economic factors that trigger the decision to invest in a renewable energy system, the policymaker may provide reasonable financial incentives in order to steer households in the desired direction for climate protection. 
Appendix A: Assembly of installation costs and expected revenues of a PV and ST system
To make the investment costs comparable between PV and ST systems, we convert the PV system costs (given as net costs in euros per kWp) taken from Altenhöfer-Pflaum and Horbelt (2017) to gross costs in euros per square meter. We calculate
using the value-added tax of 19% and the fact that one kWp of capacity requires roughly ten square meters of collector area (Wesselak et al., 2017) .
Unlike costs, revenues attainable with a solar energy system do not only vary with the technology and over time but also depend on the local abundance of solar irradiance in household ℎ's county of residence . Hence, we use 1 km x 1 km raster data on the mean sums of annual global radiation provided by the Germany's National Meteorological Service (DWD) to calculate the mean sum of annual global radiation for each of the 402 counties in Germany and merge it with the SOEP data based on the household county code contained therein.
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The additional variables and parameters used to calculate the attainable revenues are displayed in Table A1 , while formulas (A2) to (A4) detail the calculation of the revenues attainable with a PV system ( ), an ST system ( ) or a combination of both systems ( ). Center (2016) In the calculation of the revenue attainable with a PV system, we take account of mean annual global radiation at county level, the feed-in tariff for electricity produced with small-scale PV systems in the year of installation and the effectiveness and performance ratio of such systems.
The feed-in tariff that households receive for each kWh of electricity fed into the grid is laid down by the German Renewable Energy Sources Act (Erneuerbare Energien Gesetz, EEG) and guaranteed for 20 years. Introduced in 2000, the EEG initially established a feed-in tariff of 50.6 Cent/kWh for electricity from solar energy (EEG, 2000) . During the years considered in our analysis, the feed-in tariff for smallscale PV systems was gradually reduced from 46.75 cents/kWh in 2008 to 12.31 cents/kWh at the end of 2015 in response to the progressing decrease in system costs.
For ST systems, we base our calculation on typical values for the dimensioning of such a system used for hot water provisioning. Further, we consider revenue in terms of the foregone expenditures on fossil fuel-based water heating. Global radiation at county level is normalized by the mean value of global radiation for the whole of Germany thus scaling attainable revenue up or down depending on local conditions. = * * ℎℎ * * ℎℎ *
100
(A3)
Since we have no information on the size of the PV and ST systems, we assume an equal split of revenues for those households that equip their dwelling with a combination of the two and calculate the attainable revenue accordingly.
= 0.5 * + 0.5 * (A4) 
